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Potroom workers asthmaAbstract Background: Aluminum is one of the prevalent alloys on the earth. With the revolution
industry, aluminum was very important in all aspects of life from cooking to war weapons. The aim
of this work is to study the prevalence of respiratory hazards and changes in pulmonary function
among aluminum industry workers.
Materials and methods: This is a case series study which was conducted in an aluminum factory
in Nag Hammadi and included 320 workers, who were subdivided into 2 groups according to the
duration of daily exposure to aluminum gases and exhausts. Group 1: it included 260 exposed work-
ers, who were randomly selected from potrooms and cast house sectors, and exposed to hazardous
effects of primary aluminum industry 8 h continuously per day. Group 2: it included 60 interrupted
or partially exposed workers, who were randomly selected from the factory maintenance, potroom
maintenance, cast house maintenance workers, as well as the general maintenance workers; and
exposed to less than 8 h interrupted per day on average 2–3 h. Data were collected using modified
British Medical Research Council (BMRC) questionnaire, and pulmonary function tests, chest
X-ray, and laboratory studies were done.
Results: Group 1 workers had more chronic and acute work related respiratory symptoms.
There was a significantly higher occurrence of asthma among exposed workers with p value
0.004 while no significant difference for the occurrence of COPD in both groups, also CRP
significantly more frequently occurred in exposed workers with p value 0.001. There was a signifi-
cant negative correlation between FVC%, FEV1% and PEF25–75% and duration of exposure in
years among exposed workers. Interpretation of chest X-ray denoted that reticular, nodular and
538 L.H. Shaaban et al.reticulo-nodular patterns significantly more frequently occurred in exposed group (p value 0.01)
also diaphragmatic abnormalities were more in exposed ones (p value 0.04). Solitary pulmonary
nodules could be detected in three cases.
Conclusions: Aluminum industry is hazardous to both the workers and the community. The pul-
monary hazards are significantly higher in workers who are continuously exposed to gases and pol-
lutants for more than 8 h/day. Moreover the free radicals of silica and polycyclic aromatic
hydrocarbons may have a direct relationship with the recorded changes in diaphragmatic and pul-
monary functions and may be precancerous.
 2016 The Egyptian Society of Chest Diseases and Tuberculosis. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).Introduction
With the progress of industrial revolutions, more aluminum
alloys were produced, as it is used in a broad range of industries,
utensils, packing, transportation and construction [1]. Alu-
minum production is accompanied by emissions of dust and
gases, which are potentially harmful to the workers and the local
environment. The principle method which is used in the produc-
tion of aluminum metal involves two major steps [2]: refining
(Bayer process): refining of bauxite to produce alumina
(Al2O3). This is produced by adding caustic soda (sodium
hydroxide) to the bauxite in a furnace in high pressure and at
temperature from200 to 1200 C, the produced product is called
alumina (aluminum oxide). Reduction (Hall–Heroult process):
alumina (aluminum oxide) is reduced to aluminum by an elec-
trolytic process using carbon electrodes (cathode and anode)
and cryolite (aluminum sodium fluoride) as flux which is added
to decrease the melting point of alumina, and hence decreasing
the cost of aluminum production. The electrolytic cell in which
reduction takes place is called pot, and the building called pot-
room. Workers at aluminum industries are exposed to various
occupational hazardous factors such as fumes and gases, min-
eral dusts, coal tar pitch volatiles, electromagnetic fields and
others. The major gaseous constitutes of pot emissions are
hydrogen fluoride, carbon oxides, sulfur dioxide and oxides of
nitrogen. The particulates include mainly alumina and fluorides
with traces of many elements as vanadium and nickel, also poly-
cyclic aromatic hydrocarbons [3]. Aluminum factory workers
have been shown to suffer from respiratory symptoms either
chronic or work related ones as cough, phlegm, dyspnea, wheez-
ing and chest tightness. Also it has been shown that potroom
work may result in a long-term lung function impairment and
in an asthma-like syndrome of unknown pathogenesis. It is ter-
med ‘‘potroom asthma” and is more common for workers
engaged directly in serving pots. However, wider range of lung
diseases may be caused due to aluminum production as toxic
dust: chronic bronchitis, chronic obstructive pulmonary disease
(COPD), alveolitis, pneumoconiosis, and oncological respira-
tory diseases [4,5].
The aim of this work is to study the prevalence of respira-
tory hazards and changes in pulmonary function among
aluminum industry workers.Materials and methods
Cross sectional study was conducted in the aluminum com-
pany of Nagi Hammdi; Qena governorate, Egypt. It is themain aluminum factory in Upper Egypt as regards the alu-
minum production and the number of workers. This factory
was established since 1971 and is highly designed and
equipped. The factory is designed to produce aluminum metal,
i.e. primary aluminum industry e.g. bars and sheets from baux-
ite that are imported, essentially, from Australia. The company
is currently employing about 7000 workers. The vast majority
of workers (about 4500, 65%) are working in aluminum pro-
duction sectors especially potrooms and cast house sectors.
About 1000 workers (15%) are working in electrical and
mechanical maintenance of the factory. Sample size was calcu-
lated using EPI info 2000 statistical package. This study was
based on stratified random sample of the workers in the fac-
tory. The calculation was done using confidence interval
95% which resulted in the inclusion of 320 workers. The stud-
ied workers were classified into two groups according to the
duration of exposure in hours per day and the number of sub-
jects of each group represents proportionally the total number
of employees. Group 1: it included 260 exposed workers, who
were randomly selected from potrooms and cast house sectors,
and exposed to hazardous effects of primary aluminum indus-
try 8 h continuously per day. Group 2: it included 60 inter-
rupted or partially exposed workers, who were randomly
selected from the factory maintenance, potroom maintenance,
cast house maintenance workers, as well as the general mainte-
nance workers; and exposed to less than 8 h interrupted per
day on average 2–3 h. Explanations and formal consent were
taken from all workers, who shared in this study. Data were
collected from the workers under the study by semi structured
questionnaires where data about chronic respiratory symp-
toms such as; chronic cough/phlegm, dyspnea, and recurrent
chest wheezes were collected using modified British Medical
Research Council (BMRC) questionnaire [6]. Moreover, it
included questions suggesting acute work-related symptoms
such as; cough, chest tightness, nasal irritation, throat irrita-
tion and sneezing on exposure to work environment. Besides
respiratory symptoms the questionnaire contained questions
about personal data, pattern of exposure to pollutants either
continuous, intermittent or no exposure, smoking history
where the tobacco smoke exposure (TSE) was calculated in
‘‘pack-year” units [7], smoking categories were defined as cur-
rent smoker, non-smoker (who had never smoked) and ex-
smoker (who had give up smoking at least since 6 months),
details about occupational history of the present occupation
(duration of exposure in years, working days/week, shift dura-
tion in hours and type of exposure) also detailed occupational
history about the previous jobs was obtained, and data about
personal protective devices including: personal protective
Table 1 Demographic characteristics of studied workers according to pattern of exposure.
Characteristics Level of exposure p-value
Exposed workers (260) Partially exposed (60)
Age (years) (mean ± SD) 49.6 ± 8.6 47.1 ± 10.2 0.05
Duration of work (years) (mean ± SD) 25.7 ± 9.7 23.5 ± 11.1 0.1
Educational level (No. and %)
 Illiterate and read and write
 Primary and preparatory
 Secondary and university
59 (22.7%)
44 (16.9%)
157 (60.4%)
15 (25.0%)
7 (11.7%)
38 (63.3%)
0.6
Residence (No. and %)
 Urban
 Rural
111 (42.7%)
149 (57.3%)
30 (50.0%)
30 (50.0%)
0.3
Smoking habit (No. and %)
 Currently smoker
 Ex-smoker
 Non smoker
123 (47.3%)
39 (15.0%)
98 (37.7%)
33 (55.0%)
9 (15.0%)
18 (30.0%)
0.5
Table 2 Occurance of chronic respiratory symptoms among
260 aluminum exposed and 60 partially exposed workers.
Exposed workers
(260)
Partially exposed
(60)
p-value
No. % No. %
Cough 89 34.2 12 20 0.03*
Phlegm 110 42.3 15 25.0 0.01*
Wheeze 110 42.3 17 28.3 0.04*
Breathlessness 96 36.9 11 18.3 0.006*
Chest pain 50 19.2 6 10.0 0.09
* Significant values.
Respiratory hazards: clinical and functional assessment 539devices supplied or not, types of devices supplied, adherence of
workers to safety measures. Pulmonary function tests were car-
ried out for all studied workers at their work site by a trained
medical technician using a calibrated portable spirometer
(vitalograph type alpha). During the testing, each subject
was in an upright position and wearing a nose clip and was
asked to perform at least three forced expiratory maneuvers
and the appropriate technique was demonstrated and the high-
est reading was selected by the computerized device automati-
cally. Lung function tests including Forced vital capacity
(FVC), Forced expiratory volume in the 1st second (FEV1),
Forced expiratory volume in the 1st second as a percentage
of the Forced vital capacity (FEV1/FVC%) and forced mid-
expiratory flow rate (PEF25–75%), where the spirometry
results were given as percentages of predicted normal values.
Measurements were electronically converted to BTPS (body
temperature and pressure saturated) conditions. The spiromet-
ric results were interpreted using the American Thoracic Soci-
ety standards for pulmonary function tests [8]. Postero-
anterior chest X-ray film at deep inspiration was taken for each
participant of the study. Laboratory investigations including
complete blood picture (CBC), liver function tests, kidney
function tests and C-reactive protein measured by Latex agglu-
tination assay tests were done for all studied workers.
Statistical analysis
Analysis of data was done using SPSS (Statistical Package for
the Social Sciences) program version 16. Statistical methods
were applied including: descriptive statistics (mean, standard
deviation, frequency distribution and cross tabulation), signif-
icance tests (T test for quantitative data and chi-square) for
categorical data and correlation. A significant p value was con-
sidered when it less than 0.05.
Results
Demographic data of studied groups are illustrated in Table 1,
where there was no significant difference between the exposed
workers and partially exposed ones as regards all parametersof demographic data. Tables 2 and 3 reveals that all exposed
workers were significantly more complaining of chronic respi-
ratory symptom (cough, phlegm, wheeze and breathlessness),
while as regards the occurrence of acute work-related respira-
tory symptom; it revealed that chest tightness, nasal irritation
and sneezing were significantly more frequent in exposed
workers (p value: 0.04, 0.01 and 0.04, respectively). There
was a significantly higher occurrence of asthma among
exposed workers with p value 0.004 while no significant differ-
ence for the occurrence of COPD in both groups (Fig. 1).
Table 4 reveals that the total WBCs count and RDW were sig-
nificantly higher in the exposed group, also positive CRP sig-
nificantly more frequently occurred in exposed workers with
p value 0.001 (Fig. 2).
As regards pulmonary function tests; Table 5 reveals that
FVC%, FEV1%, FEV1/FVC were significantly lower among
exposed workers compared to partially exposed ones (p values;
0.02, 0.03 and 0.01, respectively) with a significant negative
correlation between FVC%, FEV1% and PEF25–75% and
duration of exposure in years among exposed workers with p
values 0.03, 0.04 and 0.02, respectively (Figs. 3–5). Interpreta-
tion of chest X-ray shown in Table 6 denotes that reticular,
nodular and reticulo-nodular patterns significantly more fre-
quently occurred in the exposed group (p value 0.01) also
Table 3 Occurance of acute work-related respiratory symp-
toms among 260 aluminum exposed and 60 partially exposed
workers.
Exposed workers
(260)
Partially exposed
(60)
p-value
No. % No. %
Cough 37 14.2 9 15 0.9
Chest tightness 39 15.0 3 5.0 0.04*
Nasal irritation 75 28.8 8 13.3 0.01*
Throat irritation 58 22.3 12 20.0 0.7
Sneezing 77 29.6 10 16.7 0.04*
* Significant values.
Figure 1 Occurance of airway diseases among studied workers
according to pattern of exposure. * = significance values (p value
0.004).
Table 4 Some blood parameters among 260 aluminum
exposed and 60 partially exposed workers.
Blood count values Exposed
workers (260)
Partially
exposed (60)
p-value
Mean ±SD Mean ±SD
WBC*10*3/ul 7.6 2.5 6.2 2.2 .000*
HCT% 37.9 3.2 37.9 3.6 0.9
RDW% 12.7 1.3 12.1 0.9 0.000*
PLT*10*3/ul 225.2 67.9 212.5 51.5 0.2
WBC, white blood cell, HCT, hematocrit value, RDW, red cell
width, PLT, platelets.
* Significance values.
Figure 2 CRP results among 260 aluminum exposed and 60
partially exposed workers, * = significant values (p value 0.001).
Table 5 Ventilatory function parameters among 260 alu-
minum exposed and 60 partially exposed workers.
Ventilatory function
parameters
Exposed
workers (260)
Partially
exposed (60)
p-
value
Mean (±SD) Mean (±SD)
FVC% 84.2 (15.01) 89.3 (17.8) 0.02*
FEV1% 88.8 (17.7) 94.2 (19.3) 0.03*
FEV1/FVC% 106.2 (14.7) 111.5 (15.1) 0.01*
PEF25–75% 81.3 (29.1) 86.2 (29.4) 0.2
FVC, Forced vital capacity, FEV1, Forced expiratory volume in
the first second, PEF, peak expiratory flow.
* Significance values.
540 L.H. Shaaban et al.diaphragmatic abnormalities were more in exposed ones (p
value 0.04) most of them were partial diaphragmatic eventra-
tion. Solitary pulmonary nodule was detected in three exposed
aluminum workers. Intimate follow up was advised via high
resolution CT chest.
Discussion
Because of its high heat and electrical conductivity, light
weight and corrosion resistance, aluminum is widely used in
cooking utensils, containers, buildings, air planes, trains, elec-tric wires and foils [9]. Unlike vitamins, some minerals, and
trace elements, the body does not need aluminum. Aluminum
may have variable toxic effects on the respiratory tract as pul-
monary fibrosis, pulmonary alveolitis, alveolar proteinosis,
asthma and chronic bronchitis. Despite enhanced safety mea-
sures such as partially shielding of the production cells (pots)
and automating of previous manual work, there are probably
still reasons to focus on preventive measures to avoid respira-
tory disorders in aluminum smelter workers.
In this study the aluminum exposed workers were signifi-
cantly suffering from chronic cough (34.2%), chronic phlegm
(42.3%), chest wheeze (42.3%) and dyspnea (36.9%), mean-
while it was noticed that acute related symptoms were signifi-
cantly more prevalent among the aluminum exposed workers.
This is might be explained by the inhalation of irritant occupa-
tional pollutants especially fluorides, dust and fumes in
aluminum-producing facilities [10,11] through potentiating
oxidative and inflammatory stress, leading to functional distur-
bance of lung epithelium [12]. This is consistent with that of
Chan-Yeung and his colleagues [3] who investigated the preva-
lence of respiratory symptoms among 1510 employees in an alu-
minum smelter in British Columbia. The researchers found an
increased prevalence of cough (22.6% vs 14.0%) and wheeze
(17.1% vs 10.5%) in the high-exposure group compared with
the reference group. In a cross-sectional study among potroom
workers in sevenNorwegian aluminum plants, the prevalence of
work-related asthmatic symptoms, that is, the combination of
dyspnea and wheezing reducing during days off work, occurred
in 15% of the workers with an exposure period of 10 years or
more and in 8% of the workers who had been employed for less
Figure 3 Correlation between FVC% and duration of exposure in years among 260 exposed workers.
Figure 4 Correlation between FEV1% and duration of exposure in years among 260 exposed workers.
Figure 5 Correlation between PEF25–75% and duration of exposure in years among 260 exposed workers.
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Table 6 Chest X-ray findings among 260 aluminum exposed
and 60 partially exposed workers.
Chest X-ray findings Exposed
workers
(260)
Partially
exposed
(60)
p-value
No. % No. %
Normal 194 74.6 56 93.3 0.01*
Reticular infiltration 45 17.3 4 6.7
Nodular infiltration 3 1.2 0 0
Reticulonodular infiltration 18 6.9 0 0
Diaphragmatic abnormalities 27 10.4 3 5.0 0.04*
* Significant values.
542 L.H. Shaaban et al.than 5 years [13]. A cross-sectional study among 1529 male
employees in two Australian aluminum smelters was conducted
by Fritschi et al. [14], in one of the plants, who concluded that
rhinitis was the only symptom reported more commonly by
the potroom employees than by administration employees and
in the other plant, potroomworkers had about five times greater
odds of reporting each of the work-related symptoms than the
administration group.
In this study, the aluminum exposed workers showed signif-
icantly lower mean values of FVC, FEV1 and FEV1/FVC
compared to partially exposed workers, also there was more
reduction in these ventilatory functional parameter with the
increasing duration of exposures as there was a significant neg-
ative correlation between FVC%, FEV1% and PEF25–75%
and the duration of exposure in years among exposed workers.
These results were in accordance with the study in an alu-
minum smelter in British Columbia, where Chan-Yeung and
his colleagues [3] found that FEV1 was lower among the
high-exposure group than the references. Also Kongerud
et al. [13] concluded that OR (odd ratio) of airflow limitation
increased with the increasing duration of employment.
This study revealed that the prevalence of airway diseases
among the studied groups had no significant difference as
regards the occurrence of COPD, as they have similar risk of
smoking and exposure to inhaled irritant agents. However as
regard asthma, all cases who were regularly using medication
to treat asthma attack were detected in the exposed group
while there no cases could be detected among partially exposed
ones. It is important to differentiate various clinical and patho-
genic forms of asthma diagnosed in aluminum smelter work-
ers. Some of them are not work-related being primarily
closely associated with pre-existing atopy. As clinically pot-
room asthma does not differ from non-occupational asthma,
the reliable diagnosis of this condition should be based on
the detection of industrial causal factors such as hydrogen flu-
oride, sulfur dioxide, dust, trace amounts of metals and others
[15,16]. As no specific agent in the potroom has been diag-
nosed, there will be controversy and debate to whether pot-
room asthma is pre-existing asthma provoked by pollutants,
or asthma that is induced by agents in the working environ-
ment [17,18]. A study was done by Ljiljana [19] on 215 pot-
room workers from the aluminum factory in Podgorica,
Montenegro, he found that potroom workers mostly com-
plained of breathlessness associated with the workplace
(56.7%) or weather changes (rain, cold, wind, and humidity)
(41.9%) and of dyspnea when climbing stairs (51.2%), but
only 22.3% reported using medication to treat these episodes.In this study laboratory studies revealed CRP was signifi-
cantly more positive in exposed workers, which was attributed
due to the prevalence of both acute work related and chronic
respiratory symptoms in this group. Study by Ohlson et al.
[20] concluded that inflammatory markers such as CRP may
rise in the blood in response to exposure to airborne occupa-
tional pollutants. Another study considering CRP as an impor-
tant inflammatory marker that allow more complete and
relevant assessment of lung diseases [21].
Aluminum toxicity was implicated in a variety of hemato-
logical disorders [22]. Even in the absence of signs of anemia,
ingested aluminum may depress hematopoiesis by affecting
RBC production and cell destruction [23]. Red blood cell dis-
tribution width (RDW) is a measure of the variation of red
blood cell (RBC) volume that is reported as part of a standard
complete blood count. Usually red blood cells are a standard
size of about 6–8 lm in diameter. Certain disorders, however,
cause a significant variation in cell size. Higher RDW values
indicate greater variation in size. Agreeing with this concept;
in this study it was shown that RDW was significantly higher
in the exposed group with p value 0.001.
Interpretation of chest X-ray revealed that reticular and
reticulo-nodular infiltration patterns were significantly more
predominant in exposed workers, we explained this reticular
infiltration due to the presence of asbestos exposure in this
industry which is not mentioned before. The asbestos fibers
are used as insulator; lining most chambers e.g. storage,
molds, ladles etc; to protect the walls of these chambers
from heat and to prevent heat dispersion rapidly. These iso-
lators are usually frequently replaced as a result of wear and
tear. Also asbestos fibers are used in making rods, gloves,
and sealing, this agreement with many studies that explained
that exposure to aluminum could be accompanied by expo-
sure to silica where this combined exposure may lead to the
development of pulmonary fibrosis. Also chronic aluminum
oxide inhalation may cause the so called aluminum pneumo-
coniosis or aluminosis with diffuse reticulo-nodular shadow-
ing on chest X-ray and a restrictive pattern of pulmonary
function [24–26]. Solitary pulmonary nodules could be
detected in 3 exposed workers out of 260 (1.2%). The signif-
icantly increased lung cancer risks reported in aluminum
workers from several countries may be due to polycyclic
aromatic hydrocarbons (PAH) that released during alu-
minum processing in the potrooms and in the production
of potroom electrodes. Also observed lung cancer risks
increase with cumulative exposure to PAH even after the
adjustment of smoking [27]. Also diaphragmatic hump could
be seen on chest X-ray among exposed workers (27 cases)
that may be correlated with diaphragmatic eventration,
which may be attributed to intensive exposure to fluoride
that may lead to musculoskeletal injury [28].Conclusions
Aluminum is hazardous to both of the workers and commu-
nity. The pulmonary hazards are significantly higher in work-
ers who are continuously exposed to gases and pollutants for
more than 8 h/day. Moreover the free radicals of silica and
polycyclic aromatic hydrocarbons may have a direct relation-
ship to the recorded changes in diaphragmatic and pulmonary
functions and may be precancerous.
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